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Introduction: Measurement of health inequities is fundamental to all health equity initiatives. It is complex because
it requires considerations of ethics, methods, and policy. Drawing upon the recent developments in related
specialized fields, in this paper we incorporate alternative definitions of health inequity explicitly and transparently
in its measurement. We propose a three-stage approach to measuring health inequities that assembles univariate
health inequality, univariate health inequity, and bivariate health inequities in a systematic and comparative manner.
Methods: We illustrate the application of the three-stage approach using the Joint Canada/United States Survey of
Health, measuring health by the Health Utilities Index (HUI). Univariate health inequality is the distribution of the
observed HUI across individuals. Univariate health inequity is the distribution of unfair HUI – components of HUI
associated with ethically unacceptable factors – across individuals. To estimate the unfair HUI, we apply two popular
definitions of inequity: “equal opportunity for health” (health outcomes due to factors beyond individual control are
unfair), and “policy amenability” (health outcomes due to factors amenable to policy interventions are unfair). We
quantify univariate health inequality and inequity using the Gini coefficient. We assess bivariate inequities using a
regression-based decomposition method.
Results: Our analysis reveals that, empirically, different definitions of health inequity do not yield statistically
significant differences in the estimated amount of univariate inequity. This derives from the relatively small
explanatory power common in regression models describing variations in health. As is typical, our model explains
about 20% of the variation in the observed HUI. With regard to bivariate inequities, income and health care show
strong associations with the unfair HUI.
Conclusions: The measurement of health inequities is an excitingly multidisciplinary endeavour. Its development
requires interdisciplinary integration of advances from relevant disciplines. The proposed three-stage approach is
one such effort and stimulates cross-disciplinary dialogues, specifically, about conceptual and empirical significance
of definitions of health inequities.
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Achieving health equity is an important health policy
goal in health systems internationally [1]. In the past de-
cades, health equity researchers and policy makers have
made substantial progress on many issues central to this
goal. They agree on the importance of distinguishing
health inequity (an unfair or ethically problematic differ-
ence in health) from health inequality (a difference in
health), although they continue to debate exactly how to* Correspondence: yukiko.asada@dal.ca
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unless otherwise stated.define “unfair” [2]. They have documented numerous
health inequities in populations [3-6]. They have put
health equity forward in policy agendas, most notably,
the World Health Organization (WHO)’s Commission
on Social Determinants of Health [7].
Fundamental to achieving health equity goals is the
ability to measure and regularly report health inequities
[8]. Without this surveillance capability, we cannot know
where we are and whether we are making progress.
Measuring health inequities, however, is complex be-
cause it requires consideration of ethics (e.g., defining
unfair inequalities), methods (e.g., quantifying healthtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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formation). Advances in ethics and methods often take
place in technical, specialized disciplines, such as phil-
osophy and economics. To transform these advances
into policy-relevant work, interdisciplinary integration is
necessary. Such bridging work is not a mere application
of concepts and methods developed in the specialized
disciplines; drawing upon these developments, it integrates
core ideas systematically and coherently to produce the
kind of information useful for policy decision-making
[9,10]. Interdisciplinary integration is often challenging,
and its shortage leads to a gap between advances in spe-
cialized disciplines and those in policy-relevant applied
work.
One example of such a gap is explicit and transparent
incorporation of the definition of health inequity in its
measurement. In the past decades, philosophers and eth-
icists have expanded and re-examined theories of justice
to health including, for example, Daniels’s extension of
John Rawls’s theory of justice as fairness to health [11];
Segall’s development of equality of opportunity within
the context of health and health care [12]; efforts of
Power and Faden [13], Ruger [14], and Venkatapuram
[15] to apply the capabilities approach to health; and
philosophical examination of the concept of policy
amenability by Norheim and Asada [16]. Alongside theseSex
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Figure 1 Mean value of the Health Utilities Index by sex, race, incomedevelopments, the increasing availability of rich individual-
level panel data has in recent years enabled analysts to
apply some of these ideas, equal opportunity for health, in
particular, in empirical work in more sophisticated ways
than ever before [17-21]. These developments have
largely not penetrated into health inequity measurement
exercises that take place in more general, wide-reaching,
public health, epidemiology, and health policy literatures.
As an example, consider a typical display of results of
bivariate health inequity analysis, which focuses on the
joint distribution of health and another attribute. Figure 1
shows health inequity by sex, race, income, and education
among a representative sample of non-institutionalized
Canadian adults from the 2002–03 Joint Canada/United
States Survey of Health (JCUSH) [22]. The measure of
health is the Health Utilities Index (HUI), a summary
measure that assigns being dead a value of zero and full
health a value of one [23]. Observing bivariate associa-
tions of health as in Figure 1, analysts then typically
proceed to quantify the magnitude of these health in-
equities using an index, such as a measure of the range
or, for ordinal attributes such as income and education,
the Concentration Index [24].
The vast majority of empirical assessment of health
inequities and most health equity policy efforts, includ-











































































, and education in Canada.
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equalities, as shown in Figure 1. This is because, argu-
ably, most people think of health inequities in terms of
bivariate associations and consider some group char-
acteristics as ethically and policy relevant. If analysts
examine income-related health inequality, the implica-
tion is that such inequality is inequitable. Braveman and
Gruskin capture this sentiment succinctly and argue that
health equity is “the absence of systematic disparities
in health … between social groups who have different
levels of underlying social advantage/disadvantage” ([25],
p. 254).
In an effort to measure health inequities in a richer,
more flexible way, and drawing upon the recent develop-
ments in related specialized fields, this paper proposes a
three-stage approach that explicitly and transparently in-
corporates alternative definitions of health inequity and
that produces information on univariate health inequal-
ity, univariate health inequity, and bivariate health in-
equities in a systematic and comparative manner. First,
we measure univariate health inequality, the distribu-
tion of health across individuals in the population re-
gardless of its association with other attributes. Second, we
measure univariate health inequity, the distribution of un-
fair health – components of health associated with ethically
unacceptable factors – across individuals in the population.
By describing univariate health inequality and inequity
side by side, we distinguish inequality – a difference – and
inequity – an ethically problematic difference – conceptu-
ally and then incorporate the distinction into measurement.
However, because there is no agreed upon single definition
of health inequity, the three-stage approach is sufficiently
flexible to enable one to incorporate his or her own defini-
tions of health inequity. Finally, we measure bivariate
health inequities. While information on univariate health
inequity represents the total amount of unfair health in the
population, information on bivariate health inequities
describes how much of the total amount of unfair health is
independently associated with each ethically and policy
relevant attribute of interest. By providing bivariate health
inequity information, the three-stage approach captures the
intuition shared by many who think of health inequities in
terms of bivariate associations.
In the next section, we outline a general analytic
framework for the three-stage approach. We then empir-
ically implement this framework using the Joint Canada/
United States Survey of Health. As examples, we use
two popular and philosophically grounded definitions of
health inequity: “Equal opportunity for health,” which
considers that health outcomes due to factors beyond
individual control is unfair [12,26,27], and “policy amen-
ability,” which regards health outcomes due to factors
amenable to policy intervention as unfair [16]. Alterna-
tive definitions of health inequity – and their empiricalrepresentation – generate intense debate. We recognize
some of our choices are controversial. The purpose of
this paper is not to argue for a particular choice, but ra-
ther to offer a framework within which various defini-
tions can be accommodated and empirically examined
using data typically available for health inequity analysis.
Our analysis shows that these two definitions of health
inequity generate inequity estimates that are very similar.
We conclude by discussing potential reasons and impli-
cations of this finding.
A general analytic framework
Stage 1: Measuring univariate health inequality
The first stage quantifies observed variation in health.
Specifically, using individual-level data, we use an in-
equality index to quantify the extent of inequality in the
distribution of observed health across individuals in the
population. The three-stage approach does not depend
on the specific choice of an inequality index as long as it
applies to univariate distribution.
Stage 2: Measuring univariate health inequity
The second stage quantifies the unfair distribution of
health across individuals in the population. The unfair
distribution of health is not directly observable. To
estimate it, we follow a proposal by Fleurbaey and
Schokkaert [28]. The first task is descriptive. We model
variation in observed health. The goal is to statistically
explain variation in health as much as possible with the
data at hand. The second task is normative. We judge
which components of observed health is fair and unfair,
that is, we define health inequities. To define health in-
equities, Fleurbaey and Schokkaert suggest, we need to
look at sources of health inequalities. We classify some
sources as “legitimate” (in the terminology common in
the health economics literature) or ethically acceptable,
regarding inequalities associated with them as equitable
or fair. We classify other sources as “illegitimate” or eth-
ically unacceptable, regarding inequalities associated
with them as inequitable or unfair. Alternative defini-
tions of health inequity originate in disagreement as to
which sources are considered as legitimate and illegitim-
ate. Having classified each source, we then remove the
influence of the fair component – legitimate sources ac-
cording to a chosen definition of health inequity – on
the observed health through fairness-standardization.
Fairness-standardization in essence permits us to esti-
mate unfair health for each individual and generates the
inequitable distribution of health in the population. It is
similar to age-standardization in epidemiological studies,
which removes the influence of age when estimating
mortality or morbidity rates. The amount of inequity is
then measured by applying the same index as in Stage 1
to this distribution of unfair health. Note that despite
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here is an index of inequity, as opposed to simply
inequality, as it quantifies the distribution of unfair health.
Stage 3: Measuring bivariate health inequities associated
with ethically and policy relevant attributes
The final stage estimates the extent of variation in unfair
health associated with each ethically and policy relevant
attribute, such as race or income. We use a regression-
based inequality decomposition method [29], which is
akin to the widely used Concentration Index decompos-
ition by attributes [30]. The difference is that the Con-
centration Index decomposition breaks down bivariate
health inequality/inequity (e.g., income-related health in-
equality/inequity) by attribute, while our Stage 3 decom-
poses univariate health inequity by attributes.
See Appendix 1 in Additional file 1 for technical
explanation of the three stages.
Methods
Data
We empirically implement the proposed three-stage ap-
proach using the 2002–03 Joint Canada/United States
Survey of Health (JCUSH), a cross-sectional population
health survey jointly conducted by Statistics Canada and
the US National Center for Health Statistics [22]. The
JCUSH questionnaire included questions regarding
health status, health care utilization, health behaviour,
socioeconomic status, and health insurance status. The
target population was non-institutionalized Canadian
and US household residents aged 18 and older. The
JCUSH used a complex sampling design with stratifica-
tion by geographic region and oversampling of respon-
dents aged 65 and over.
By using a typical, large-scale population health survey,
we can demonstrate the feasibility of the empirical appli-
cation of the proposed approach with data currently
widely used. Moreover, because it is a directly compar-
able cross-country health survey, the JCUSH provides a
unique opportunity to compare and contrast empirical
implications of the proposed approach across two coun-
tries. The sample characteristics and how they relate to
the health outcome were subtly different between the
two countries, and results of inequity analyses differed
in some small ways. However, the key methodological
findings are the same between the two countries. For
simplicity and ease of exposition, therefore, in the main
text we present the results for a single country only –
Canada. We present results for the analysis of the
American sample as sensitivity analysis in Appendix 2-4
in Additional file 1.
The original Canadian sample of the JCUSH is 3,505
(response rates: 65.5%). We exclude observations with
missing values (typically less than 4% of observations),except income (12.3%), for which we create “income
missing” category. We also exclude observations with
the HUI score less than or equal to zero (27 observa-
tions). The final sample size for our analysis is 3,057.
Variables
Health
We measure health by the Health Utilities Index Mark 3
(HUI), a well validated and widely used generic health-
related quality of life measure [23]. The HUI measures
the respondent’s functional levels in eight dimensions
(vision, hearing, speech, mobility, dexterity, emotion,
cognition, and pain) and converts his or her functional
levels into a score based on preferences of the general
public (as opposed to the respondent’s preferences) over
health states. One advantage of the HUI is that it is
possible to identify when a difference in scores is mean-
ingful for policy purposes. Previous studies suggest a dif-
ference of 0.030 or greater as meaningful or important,
indicating the difference large enough to justify a recom-
mendation for an intervention to achieve such an incre-
ment in health [23,31,32]. The observed distribution of
HUI scores in the full sample range from –0.360 to
1.000 on a scale in which 0.000 represents being dead
and 1.000 represents perfect health, and negative scores
indicates health states worse than dead. For our analysis,
we use observations with zero or positive HUI scores
only as the Gini index, by which we measure univariate
inequality and inequity, allows only non-negative values
for the variable being analyzed [33].
Attributes known to be associated with health
We use a number of attributes known to be associated
with health and available from the JCUSH: demographic
status, health behaviour, socioeconomic status, and
health care system factors, including the availability of
basic health care, quality of health care, and health care
insurance. We tested for interactions among these vari-
ables and retained the interaction term between smoking
and income, which remains statistically significant at the
5% level in the final model.
Ethically and policy relevant attributes
Following the practice of the WHO’s Commission on
Social Determinants of Health [7], we use education,
income, race, and sex as ethically and policy relevant
attributes for analyzing bivariate health inequities.
Modeling variation in health (HUI)
Estimation of the unfair HUI requires modeling vari-
ation in the observed HUI. Modeling the distribution of
the HUI is challenging because the HUI is bounded (be-
tween 0.000 and 1.000), it spikes at 1.0 (in our JCUSH
sample, about 25% of the observations have HUI = 1),
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number of alternative statistical methods to empirically
model the distribution of HUI, including Ordinary Least
Squares (OLS), Tobit, censored least absolute deviation
(CLAD), two-part models, and latent class models, with
no consensus regarding the best approach [34-37]. In
this paper we present results from the OLS because OLS
performed well relative to two-part models and CLAD
in our sensitivity analysis and is easier to understand
than the alternatives.
Defining health inequity
To illustrate the flexibility of the three-stage approach,
we use two definitions of health inequity: “equal op-
portunity for health” and “policy amenability.” To
operationalize these two definitions in empirical analysis,
following Fleurbaey and Schokkaert [28], we first classify
each attribute variable into the five categories: biologic-
ally determined health endowments, individual prefer-
ences, available information, social background, and
health care supply. We then classify each of these cat-
egories as legitimate, ethically acceptable sources of in-
equality or illegitimate, ethically unjustifiable sources of
inequality according to each of the two definitions.
Defining health inequity in this way assumes causality
between health and the attribute variables, which cannot
be established by cross-sectional data such as the
JCUSH. Our empirical representation of the Fleurbaey-
Schokkaert classification, presented in Table 1, should
thus be understood with this limitation.
For the perspective of equal opportunity for health,
which considers that health outcomes due to factors
beyond individual control are unfair [12,26,27], we treat
age and health behaviours (individual preferences) as
legitimate sources of variation and all other variables





Individual preferences Smoking, BMI, physical activity
Available information Education
Social background Income, income x smoking, race, country of birt
marital status, sex
Basic health care - having regular medical docto
unmet need
Health care supply Quality of health care - high blood pressure man
asthma medication management, pharmaceutic
BMI: body mass index.
Categories are from the framework for measuring unfair health inequalities propose
Variables are those we include in our analysis using the Joint Canada/United States
“Equal opportunity for health” and “policy amenability” are the two definitions of hhealth care system factors) as illegitimate. We acknow-
ledge that health behaviours in our analysis are not
solely an individual’s choice but are also influenced by
an individual’s circumstances. We accommodate this by
estimating the effects of health behaviour variables on
the HUI conditional on other variables, including those
related to available information and social background,
and we treat the interaction between income level and
smoking status as a illegitimate source of inequalities.
Although the biological process of aging is not under
individual control, it is a universally shared biological
process among all persons [38]. For this reason we treat
age as a legitimate source of variation.
For the policy amenability perspective, which con-
siders that health outcomes due to factors amenable to
policy intervention as unfair [16], we treat age as the
only variable that is not amenable to policy intervention,
and thus, legitimate. We classify all other variables
(other demographic status, health behaviours, socioeco-
nomic status, and health care system factors) as amen-
able to policy because: (a) it is possible to change the
distribution of the variable (e.g., education, income), or
(b) even when it is not possible to change the distribu-
tion of the variable, it is in principle possible to change
how society treats people with the variable characteristic
(e.g., for race and sex, it is possible to eliminate racial or
sex discrimination). We classify sex under social back-
ground, rather than in health endowment, as we wish to
treat the variable “sex” to represent gender and to capture
a social pathway. While age may capture some other char-
acteristics such as age discrimination, we assume age
largely represents the biological association with health.
Standardizing fairness
Fairness-standardization removes the influence of the fair,
legitimate variables on the observed HUI. We use theramework and two definitions of health inequity used in
Definition of health inequity









d by Fleurbaey and Schokkaert [28].
Survey of Health (JCUSH).
ealth inequity we use in our analysis.
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employed in the application of fairness-standardization
method to health care utilization (often called need-
standardization) [30]. The fairness-standardization is
based on the notion that the observed HUI consists of le-
gitimate, illegitimate, and unexplained components:
Observed HUI ¼ Legitimateþ Illegitimate
þ Unexplained ð1Þ
Using the indirect standardization, we first predict the
fair HUI by allowing the legitimate variables alone to in-
fluence the predictions. To do so, we purge the influence
of the illegitimate variables and ignore the unexplained
component:
FairHUI ¼ Legitimateþ Illegimate― ð2Þ
This step requires that one specify the values at which
to hold illegitimate variables constant. In principle, we
can choose any values, but the choice reflects an ethical
judgment regarding the reference attributes by which we
assess health inequity. We set different references for
the two definitions of health inequity. For the definition
of equal opportunity for health, we hold illegitimate vari-
ables at their means. For the definition of policy amen-
ability, we hold each illegitimate variable at the category
to which policies might reasonably aim (e.g., education
at “high school”) (see Appendix 5 in Additional file 1).
The final step in the indirect standardization is to cal-
culate the unfair HUI by subtracting the estimate of the
fair HUI from the observed HUI and adding the mean
HUI of the population:
Unfair HUI
¼ Observed HUI– Fair HUI þ Population’s mean HUI
¼ Legitimate þ Illegitimateþ Unexplainedð Þ
– Legitimateþ Population’s mean HUI
¼ Illegitimateþ Unexplained þ Population’s mean HUI
ð3Þ
The addition of the mean HUI of the population is
conventional [30] and ensures that the distributions of
the observed HUI and the unfair HUI have the same
mean value.
Quantifying health inequality and inequity
We use the Gini coefficient to quantify univariate in-
equality and inequity [9,24]. The Gini coefficient takes
values between zero (perfectly equal distribution) and
one (most unequal). The Gini coefficient is widely used
in the income inequality literature and has also been ap-
plied to quantify the distribution of health [39]. Al-
though the 0–1 index of the Gini coefficient itself does
not give an intuitive interpretation, twice the value of
the Gini coefficient indicates the proportion of theexpected mean difference between two randomly se-
lected persons in the population [40]. When the Gini
coefficient in the population indicates the expected dif-
ference in the HUI from two randomly drawn persons
equal to or greater than 0.030, the minimum magnitude
for a difference in HUI scores to be policy relevant
[23,31,32], we consider this inequality or inequity as pol-
icy relevant.
Decomposing health inequity
We examine bivariate associations between unfair HUI
and attributes using a regression-based decomposition
method [29]. It starts with a regression model, regressing
unfair health, h, on a vector of explanatory variables, x.
The coefficient for each variable xi, is cov(h,xi)/var(h),
conditional on the other variables in the model. The re-
gression models upon which we base the decomposition
analysis use OLS and include all variables as described
above. We summarize results of the decomposition ana-
lysis in two ways. We report the proportion of the total
variation in unfair HUI independently associated with,
first, each of the five Fleurbaey-Schokkaert categories
[28], and, second, each of the four ethically and policy
relevant attributes.
We weight all analyses using the sample weights pro-
vided by the JCUSH. To estimate variance by accounting
for the JCUSH’s complex survey design, we use the bal-
anced repeated replication methods with balanced re-
peated replication weights provided by Statistics Canada
and the US National Center for Health Statistics. We
consider p < 0.05 as statistically significant. We use Stata
11 for all analyses [41,42].
Results
Sample characteristics
Sample characteristics and the average HUI across sub-
groups mostly follow expected patterns (Table 2). The
average HUI is lower among older age groups, those
separated, divorced, or widowed, and those with unmet
need. The average HUI, on the other hand, does not differ
much by sex, race, country of birth, or pharmaceutical in-
surance. Those with healthy behaviours have higher aver-
age HUI. Our sample exhibits familiar gradients in the
average HUI by income and education. Those with no
regular medical doctor have higher average HUI than those
with regular medical doctor, which may indicate younger
age and less demand for health care among this group.
Modeling variation in health (HUI)
The fit of our model is comparable to other work de-
scribing the variation in the HUI (adjusted R2: 0.199,
Table 3) [43,44]. Among the demographic variables, only
age and marital status are statistically significant. All
Table 2 Sample characteristics
N (%) HUI










Married or common law partner 1,799(58.85) 0.899






Foreign born 535(17.50) 0.887
Native born 2,522(82.50) 0.890
Health behaviour
Smoking
Never smoked 1,361(44.52) 0.909
Former smoker and started smoking at or after 18 years 480(15.70) 0.882
Former smoker and started smoking before 18 years 432(14.13) 0.872
Current smoker and started smoking at or after 18 years 440(14.39) 0.872
Current smoker and started smoking before 18 years 344(11.25) 0.859
BMI
Underweight 84(2.75) 0.878
Normal weight 1,456(47.63) 0.902
Overweight 1,047(34.25) 0.888
Obese 470(15.37) 0.856






Lowest income quintile 592(19.37) 0.819
Lower middle income quintile 555(18.16) 0.870
Middle income quintile 509(16.65) 0.902
Higher middle income quintile 534(17.47) 0.926
Highest middle income quintile 492(16.09) 0.927
Income missing 375(12.27) 0.885
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Table 2 Sample characteristics (Continued)
Education
Less than high school 636(20.80) 0.830
High school graduate 866(28.33) 0.889
Non-university/college certificate 691(22.60) 0.895
University/college certificate 864(28.26) 0.924
Health care supply factors






With high blood pressure and received treatment in the last 12 months
No 45(1.47) 0.792
Yes 421(13.77) 0.818
No high blood pressure 2,591(84.76) 0.901
With asthma and received medication in the last 12 months
No 118(3.86) 0.845
Yes 186(6.08) 0.842




Data source: Joint Canada/United States Survey of Health (JCUSH).
BMI: body mass index; HUI: Health Utilities Index.
BMI is based on the World Health Organization. Underweight: <18.5 kg/m2; normal weight: 18.5-24.9 kg/m2; overweight: 25-30 kg/m2; obese >30 kg/m2.
HUI estimates are weighted and unadjusted.
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[BMI], and physical activity) and socioeconomic variables
(income and education) show statistically significant, and
often policy significant, effects on the HUI, either indi-
vidually or through interaction. The interaction between
income and smoking suggests that non-smokers exhibit a
weaker income-related gradient in the HUI than former
or current smokers. All health care supply variables, ex-
cept pharmaceutical insurance, are statistically significant.
The effect sizes of their coefficients are policy significant,
with the unmet need variable showing the largest coeffi-
cient (−0.120). A negative coefficient for those with a regu-
lar medical doctor may reflect a number of factors,
including, for example, correlations between regular visits
and unmeasured determinants of ill health.
Univariate inequality and inequity
Table 4 presents estimates for the inequality and in-
equity in the distribution of the HUI. Let us first focus
on univariate inequality, listed in the first column. The
mean HUI value is 0.889; the Gini coefficient for the dis-
tribution of the observed HUI is 0.085, and based onthis, the expected mean difference in the HUI of two
randomly selected individuals is 0.151, which notably
larger than the minimally policy significant difference in
the HUI of 0.030. The next two columns summarize the
distributions of the unfair HUI according to the two al-
ternative definitions of health inequity. The Gini coeffi-
cients for the unfair distributions (0.092 and 0.086) do
not differ statistically from each other; empirically the
two definitions of inequity are indistinguishable. This is
not surprising given that indirect standardization retains
unexplained variation in health in the distribution of un-
fair health. Because the variable included in the model
explain only a modest amount of the variation in the
distribution of the HUI (R2 = 0.199), altering legitimate-
illegitimate classifications of variables at the margin
makes little difference the estimated distributions of un-
fair health under the different definitions.
Bivariate inequities (decomposition analysis)
Table 4 also presents results of the decomposition ana-
lysis. It reports the extent to which univariate inequity,
based on the two definitions, is independently associated
Table 3 Modeling variation in the Health Utilities Index
Coefficient 95% CI P-value
Age (years, reference: 18-44) 0.000
45-64 -0.023 -0.038 -0.009 0.002
65+ -0.054 -0.077 -0.032 0.000
Male 0.011 -0.002 0.024 0.090
Marital status (reference: single) 0.000
Married or common law partner 0.017 0.000 0.034 0.045
Separated, divorced, or widowed -0.025 -0.050 0.000 0.055
Race/ethnicity (reference: White)
Other 0.007 -0.014 0.028 0.501
Foreign born 0.008 -0.012 0.028 0.427
Smoking (reference: never smoked) 0.000
Former smoker and started smoking at or after 18 years -0.085 -0.150 -0.020 0.010
Former smoker and started smoking before 18 years -0.101 -0.164 -0.038 0.002
Current smoker and started smoking at or after 18 years -0.082 -0.131 -0.033 0.001
Current smoker and started smoking before 18 years -0.104 -0.157 -0.051 0.000
BMI (reference: normal weight) 0.053
Underweight -0.004 -0.046 0.038 0.852
Overweight -0.012 -0.025 0.001 0.080
Obese -0.026 -0.046 -0.006 0.010
Frequency of physical activity (reference: regular) 0.000
Occasional -0.012 -0.028 0.003 0.123
Infrequent -0.084 -0.109 -0.060 0.000
Household income (reference: lowest income quintile) 0.363
Lower middle income quintile -0.026 -0.057 0.006 0.108
Middle income quintile -0.004 -0.033 0.025 0.765
Higher middle income quintile 0.001 -0.027 0.029 0.945
Highest middle income quintile 0.000 -0.027 0.026 0.977
Income missing 0.014 -0.017 0.044 0.375
Education (reference: less than high school) 0.023
High school graduate 0.022 0.000 0.043 0.048
Non-university/college certificate 0.021 -0.003 0.045 0.084
University/college certificate 0.033 0.011 0.056 0.003
Has regular medical doctor -0.029 -0.044 -0.015 0.000
Presence of self-reported unmet need -0.120 -0.149 -0.090 0.000
Treatment for high blood pressure in the last 12 months (reference: no treatment) 0.002
Received treatment 0.060 -0.008 0.128 0.082
No high blood pressure 0.090 0.026 0.154 0.006
Medication for asthma in the last 12 months (reference: no medication) 0.003
Received medication 0.027 -0.021 0.074 0.268
No asthma 0.056 0.018 0.094 0.004
Has pharmaceutical insurance -0.012 -0.028 0.004 0.135
Smoking x household income (reference: never smoked x lowest income quintile) 0.003
Former smoker and started smoking at or after 18 years
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Table 3 Modeling variation in the Health Utilities Index (Continued)
x Lower middle income quintile 0.081 0.004 0.159 0.039
x Middle income quintile 0.081 0.007 0.155 0.031
x Higher middle income quintile 0.074 0.001 0.147 0.046
x Highest middle income quintile 0.089 0.019 0.158 0.012
x Income missing 0.048 -0.046 0.142 0.319
Former smoker and started smoking before 18 years
x Lower middle income quintile 0.074 -0.001 0.149 0.054
x Middle income quintile 0.086 0.012 0.161 0.023
x Higher middle income quintile 0.124 0.056 0.193 0.000
x Highest middle income quintile 0.112 0.044 0.180 0.001
x Income missing 0.074 -0.007 0.155 0.075
Current smoker and started smoking at or after 18 years
x Lower middle income quintile 0.082 0.015 0.149 0.017
x Middle income quintile 0.065 -0.006 0.135 0.071
x Higher middle income quintile 0.079 0.021 0.138 0.008
x Highest middle income quintile 0.065 -0.001 0.130 0.053
x Income missing 0.019 -0.057 0.096 0.624
Current smoker and started smoking before 18 years
x Lower middle income quintile 0.108 0.036 0.179 0.003
x Middle income quintile 0.063 -0.019 0.146 0.133
x Higher middle income quintile 0.139 0.074 0.205 0.000
x Highest middle income quintile 0.085 0.013 0.156 0.020
x Income missing 0.043 -0.054 0.139 0.385
Constant 0.808 0.724 0.892 0.000
Adjusted R-squared 0.199
Data source: Joint Canada/United States Survey of Health (JCUSH).
CI: confidence interval; BMI: body mass index.
P-value for each variable category is from t-test; p-values that appear for the reference is from F-test for all category of each variable.
Analysis is weighted. Standard errors are adjusted for the complex survey design.
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tribute and with each Fleurbaey-Schokkaert category. All
associations, expressed in percentage terms, are relatively
small. Again, this is because approximately 80% of the vari-
ation in unfair HUI is derives from unexplained variation.
For both definitions of health inequity, among the four
ethically and policy relevant attributes, income has the
strongest association with univariate inequity (6.52% for
equal opportunity for health and 1.35% for policy amen-
ability). These income estimates include the effect of the
interaction term between income and smoking. For both
definitions, sex and race individually are associated with
less than 1% of univariate inequity.
Summarizing the results of the decomposition analysis
in terms of the Fleurbaey-Schokkaert categories reveals a
strong association between the health care supply cat-
egory and the unfair HUI (6.54% for equal opportunity
for health and 7.17% for policy amenability). For equal
opportunity for health, the social background category,which includes the income variable, is most strongly asso-
ciated with univariate inequity (7.80%), while for policy
amenability, the strength of the association of the individ-
ual preferences category closely follows that of the health
care supply category (6.92%). The contribution of certain
categories is zero because, by definition, they are deemed
legitimate according to the relevant definition.Discussion
Integrating some of the recent developments in related
disciplines, this paper presents a three-stage approach to
offer health inequity information useful for health equity
policy – univariate health inequality, univariate health
inequity, and bivariate health inequities – in a systematic
and comparative manner. The three-stage approach re-
sponds to the increasing call for explicit and transparent
incorporation of the definition of health inequity in its
measurement and helps bridge a gap between advances
Table 4 Univariate inequality, univariate inequity, and bivariate inequities
Univariate inequality Univariate inequity
Observed HUI Equal opportunity for health Policy amenability
Mean HUI (95% CI) 0.889 (0.883, 0.896) 0.878 (0.871, 0.884) 0.873 (0.866, 0.879)
Gini coefficient (95% CI) 0.085 (0.080, 0.091) 0.092 (0.086, 0.097) 0.086 (0.080, 0.092)
Expected mean difference in HUI 0.151 0.162 0.150
Decomposition (%)
Unexplained variation 85.20 82.44






Health endowments 0.00 0.00
Individual preferences 0.00 6.92
Available information 0.47 0.97
Social background 7.80 2.52
Health care supply 6.54 7.17
Data source: Joint Canada/United States Survey of Health (JCUSH).
HUI: Health Utilities Index.
Expected mean difference in HUI between two randomly selected persons in the population is twice the value of the Gini coefficient of the mean HUI.
Analysis is weighted. Standard errors are adjusted for the complex survey design.
The mean HUIs for the three distributions above are the same without weighting (data not shown) but different after weighting as seen above.
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plied work. Our use of a typical, large-scale population
health dataset shows feasibility of this approach.
In distinguishing the assessment of inequity from that
of inequality, our approach flexibly allows the empirical
comparison of inequity under different definitions of
health inequity. This flexibility is useful because there is
no universally agreed upon definition of health equity. It
is of particular interest that, in our empirical application,
the two definitions of health inequity we incorporate
have little empirical significance. We obtained the same
result in sensitivity analyses using the American sample of
the JCUSH (see Appendix 2-4 in Additional file 1). In
addition, although not presented due to space constraints,
analyses using the direct fairness-standardization method
(which predicts the unfair HUI directly by allowing il-
legitimate variables alone to influence the predictions)
[30] yielded the same result.
The finding of empirical insignificance of inequity defi-
nitions primarily comes from the relatively small ex-
planatory power of regression models for variation in
health across individuals. Because our relatively rich
model explained only about 20% of the variation in the
observed HUI, the different classifications of legitimate-
illegitimate variables across the two definitions did not
produce notable empirical differences in the distribution
of unfair health. Radically different definitions of healthinequity that lead much more contrasting classifications
of legitimate-illegitimate variables than our two defini-
tions would produce larger empirical differences. How-
ever, these differences would still be confined within the
relatively small amount of variation in health that statis-
tical models and data are currently able to explain. Large
unexplained variation in the distribution of health is not
limited to our study; it is common in regression analyses
using individual-level data. In the assessment of health
inequities, the unexplained variation presents an ethical
question: should we treat the unexplained variation as
an illegitimate source of health inequality (i.e., unfair) or
as a legitimate source of health inequality (i.e., not un-
fair)? As shown in equation (3) in the methods section
above, the use of the indirect standardization method
presumes unexplained variation as unfair. But this is de-
batable. Our findings confirm the observations of others
[17,28,45] that the question of how best to treat resid-
uals – unexplained variation – in this context requires
deeper consideration than mere technical.
The generalizability of the finding of empirical insig-
nificance of inequity definitions is unknown. The small
empirical difference between the two alternative defi-
nitions of health inequity suggests a difficulty in op-
erationalizing conceptual differences concretely at the
measurement level. The two definitions we adopted led
to very similar legitimate-illegitimate classifications of
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only on variation in health that is explained by models,
the margin to demonstrate differences between the two
definitions at the measurement level is narrow. Such
lack of sensitivity of variables in operationalizing con-
ceptual differences is unlikely to be idiosyncratic to the
particular data we used; the JCUSH data offer an array
of variables typical of or richer than those commonly
used for health inequity analysis. Thus, with population
health data and modeling techniques currently widely
used in health inequity analyses, alternative definitions
of health inequity, debated vigorously in the conceptual
literature, might not lead to estimates of health inequity
that differ empirically. We need better data, better
understanding of causal pathways, and the better ability
to estimate these causal pathways empirically in order
to implement the subtlety that the conceptual literature
portrays. The debate about alternative definitions of
health inequity has at times been a hindrance to the
development of health equity policy. This has been
unfortunate given the limited empirical tools we now
have.
The three-stage approach also incorporates the assess-
ment of bivariate inequities in a more systematic manner
than is common. As in the typical assessment of bivari-
ate associations in Figure 1, our decomposition analysis
shows that socioeconomic factors (income and education)
are empirically more strongly associated with health than
are demographic factors (sex and race). The extent to
which such differences reflect inequality or inequity, how-
ever, is not explicit in analyses such as those shown in
Figure 1, but by decomposing univariate inequity by attri-
butes, our approach documents bivariate inequities. Fur-
thermore, because the regression-based decomposition
allows assessment of multiple attributes at once, it esti-
mates the independent contribution of each attribute to
univariate inequity. The association between health and
income presented in Figure 1, for example, is likely con-
founded by education. Our analysis shows that income,
after adjustment for education (and other attributes in the
model), is associated with 6.52% of univariate inequity
based on the perspective equal opportunity for health, and
1.35% based on the perspective of policy amenability. The
decomposition analysis also reveals the importance of
health care supply, an attribute usually not considered in
the assessment of health inequities. Health care supply
variables are associated with about 7% of univariate in-
equity using either definition, consistent with other find-
ings regarding a potential role of medical care to alter
socioeconomic-status related inequalities in mortality [5].
The use of the regression-based decomposition method,
thus, brings a benefit of going beyond a priori assump-
tions about attributes with which we should assess health
inequity.Finally, in this paper we are silent about methodo-
logical and ethical questions related to the choice of an
index to quantify univariate inequality and inequity. The
analytical approach we presented does not depend on
the choice of an index, and our choice of the Gini coef-
ficient is for illustrative purposes, not for endorsement.
Nonetheless, developments are rapid in related fields
[9,10,46-48], and future work will benefit from further
integration of these literatures.
Conclusions
The measurement of health inequities is an excitingly
multidisciplinary endeavour. Its development requires
interdisciplinary integration of advances from relevant
disciplines. The proposed three-stage approach is one
such effort. It is our hope that this paper stimulates
cross-disciplinary dialogues, specifically, about concep-
tual and empirical significance of definitions of health
inequities.
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